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DESCRIPTION 

MOVING MAGNET TYPE LINEAR ACTUATOR . 

Technical Field 
[0001] 

This invention relates to a moving magnet type linear 
actuator with a field magnet on a moving side, and more 
particularly to a magnetic circuit structure for 
weight-reducing a movable body. 

Background Art 
[0002] 

There is a previously known moving coil type actuator 
having a structure in which an armature is opposite to a field 
permanent magnet thrpugh a magnetic gap (For example, see 
Patent' Reference 1) . -t^^.- : . 

Patent Reference 1: JP-A-2000-308328 

[0003] 

The invention disclosed in Patent Reference 1 relates 
to a moving coil type linear actuator filed by the same 
inventors as those of this application. The invention is 
accomplished for facilitating connection processing of a 
connecting wire and a neutral point of an armature coil and 
for providing a linear motor capable of increasing the thrust 
per a unit volume of a core block. 
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The linear motor is provided with an armature opposite 
to a field permanent magnet through a magnetic gap. The 
armature has an armature core divided into a plurality of core 
blocks in a thrust direction and an armature coil. The armature 
coil wound around each core block is taken out by unlacing the 
winding ending portion of a coil conductor onto the winging 
starting portion by 1/2 turn so that they are arranged 
oppositely on both sides of the core block. A wiring substrate 
having a wiring pattern for connecting the connecting wire and 
neutral point of the armature coil is provided on both sides 
of a yoke of the armature core. 

Such a configuration could facilitate the connection 
processing of the connecting wire and neutral point of the 
armature coil and increase the thrust per unit voliame of the 
core block. 

V - However>'-«- power could not be easily: -suppM^ed - -izo- the - 
armature which moves. In order to obviate such an 
inconvenience, the linear actuator of not a moving coil type 
but a moving magnet type is developed. 
[0004] 

Fig. 3 is a view showing a moving magnet type linear 
actuator which is a prior art of this invention; (a) is a plan 
view and (b) is a sectional side view. 

In Fig. 3, reference numeral 60 generally denotes a 
moving magnet type linear actuator which mainly includes a 
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movable body 20, a stator 30, a linear guide 40 and a position 
detecting portion 50. 

The movable body 20 is mainly constructed of a field 
permanent magnet 21 and a magnetic yoke 23 which holds it. The 
stator 30 is mainly constructed of a stator base 31 and an 
armature 32 fixed thereon. The armature 32 includes a 
magnetic iron core 33, an armature winding 34 wound around the 
core, an insulating layer 35 encircling the armature winding 
34 and a power supplying wire 36 which serves to supply power 
to the armature winding 34 . 

The linear guide 40 (Fig. 3(b)) is mainly constructed 
of linear guide rails 41, liner guide blocks 42 running thereon, 
and stopper mechanisms 43 (Fig. 3(a)) for forcibly stopping 
the running of the linear guide block 42 at both ends in the 
running direction of the linear actuator 60. 

- • ::r-The-positron':detec^^ portion 50 i-s mainly^-conrstructed - 
of a detecting portion supporter 51 fixed on" the stator base 
31, a linear scale detecting portion 52 fixed on the detecting 
supporter 51 and a linear scale 53 fixed on the side of the 
movable body adjacently apart from the linear scale detecting 
portion 52, and a signal line 54. 

As understood from the above description, the magnetic 
yoke 23 is provided behind the field permanent magnet 21, and 
both constitute the moving body serving as a magnetic circuit. 

The armature 32 has the magnetic iron core, and the 
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armature winding 34 is wound on the slots made at an equal pitch 
in the magnetic iron core. When a current is passed through 
the armature winding 34, the linear actuator 60 moves within 
a stroke which a difference between the lengths of the armature 
and field movable body. 

Disclosure of the Invention 

Problems that the Invention is to Solve 

[0005] 

Meanwhile, the prior art has a problem that the field 
magnetic yoke 23 having a greater specific gravity is required 
on the side of the movable body 2 0 so that the accelerating 
performance of the movable body 20 could not be increased. 

Further, the prior art has also a problem that a pulling 
force four-times or more as great as the maximum thrust acts 
- -between t-he^movableAbody -^ and the armature -eo-re^'(d^ron*-core 
"■33 " so that ■ an accelerating/decelerating" opexat'ion at " a high 
frequency may attenuate the life of the linear guide. 

This invention is accomplished in order to solve these 
problems. An object of this invention is to provide a moving 
magnet type linear actuator which can sufficiently increase 
the accelerating performance of a movable body and does not 
attenuate the life of a linear guide even when the 
accelerating/decelerating operation at a high frequency is 
performed. 
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Means for Solving the Problems 
[0006] 

In order to solve the above problem, the invention 
described in claim 1 provides a moving magnet type linear 
actuator including: a stator having a stator base and an 
armature including a magnetic iron core fixed on the stator 
base and an armature winding wound around the magnetic iron 
core; and a movable body having a field permanent magnet 
arranged oppositely to the magnetic iron core through a 
magnetic gap and a magnetic holder supporting the field 
permanent magnet and movably arranged on the stator base, 
wherein the magnetic holder is made of a non-magnetic substance, 
a magnetic back yoke is arranged on the side opposite to the 
armature with respect to the field permanent magnet, a width 
-thereof -being '^approximaitely • equal • to --^^ width -of-^^^^ 
permanent magnet,'' a length thereof being not smaTler than the 
stroke of the movable body, and both ends thereof in the 
longitudinal direction being fixed to the stator, and a gap 
is formed between the magnetic back yoke and the field permanent 
magnet . 

The invention described in claim 2 provides the moving 
magnet type linear actuator according to claim 1, wherein a 
scale segment of a linear scale is fixed to the magnetic holder, 
and a detecting segment of the linear scale is fixed to the 
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stator base with a gap from the scale segment. 

The invention described in claim 3 provides the moving 
magnet type linear actuator according to claim 1 or 2, wherein 
two linear guides are arranged in parallel so as to sandwich 
both sides of the armature, guide blocks are arranged on each 
of the linear guides, and the magnetic holder is fixed on the 
guide blocks. 

The invention described in claim 4 provides the moving 
magnet type linear actuator according to any one of claims 1 
to 3, wherein a slot having a width corresponding to the 
widthwise space between the guide blocks is machined in the 
non-magnetic holder, and the field magnet is fixed in the slot. 

The invention described in claim 5 provides the moving 
magnet type linear actuator according to any one of claims 1 
to 4, wherein a stopper mechanism is provide at each of four 

•^endS-- of " the?*^ tWOf ^^^^^ ' in para-i-l^ib vr^s' - •:^%';r>--r' ^-:?.ry^-\:-^;r>^"\--- 

_ The' invention described in claim 6 provides" the moving 

magnet type linear actuator according to any one of claims 1 
to 5, wherein guide pipes for forcible cooling refrigerant are 
embedded in the stator base. 

The invention described in claim 7 provides the moving 
magnet type linear actuator according to any one of claims 1 
to 6, wherein the magnetic back yoke is a laminate of thin 
electromagnetic steel plates. 
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Advantage of the Invention 
[0007] 

In accordance with the invention of a moving magnet type 
linear actuator described in claim 1, the magnetic holder is 
made of a non-magnetic substance, and a magnetic back yoke is 
fixed to the stator . For this reason, the weight of the movable 
body can be reduced, thereby realizing the maximum 
acceleration/deceleration. 

In accordance with the invention described in claim 2, 
in the moving magnet type linear actuator according to claim 
1, a scale segment of a linear scale is fixed to the magnetic 
holder, and a detecting segment of the linear scale is fixed 
to the stator base with a gap from the scale segment. In this 
configuration, since the magnetic holder is made of the 
non-magnetic substance, a position detecting portion is 
■*dif f-ieuit^tO'-be- su-sceptible^ to the inf luence-of-'magnetrG --lines-" 
of "'force; - . . , ...-.r- _ ... _ , ... . 

In accordance with the invention described in claim 3, 
in a moving magnet type linear actuator according to claim 1 
or 2, two linear guides are arranged in parallel so as to 
sandwich both sides of the armature, guide blocks are arranged 
on each of the linear guides, and the magnetic holder is fixed 
on the guide blocks. For this reason, the linear guide rails 
and guide blocks can be made of the material with lower 
strength . 
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[0008] 

In accordance with the invention described in claim 4, 
in a moving magnet type linear actuator according to any one 
of claims 1 to 3, a slot having a width corresponding to the 
widthwise space between the guide blocks is machined in the 
non-magnetic holder, and the field magnet is fixed in the slot. 
For this reason, the height of the linear actuator can be 
lowered. 

In accordance with the invention described in claim 5, 
in a moving magnet type linear actuator according to any one 
of claim 1 to 4, a stopper mechanism is provided at each of 
four ends of the two linear guides in parallel . For this reason, 
the capability of the stopper mechanism may be relatively low. 
In addition, the stopper mechanisms are provided at not two 
points in the prior art but at four points, the capability of 
^a-"single*'-'Stopper ^mechani^sm • may -be -^f urther^^jiowv--- rr- --^-.^.r -:; -r.-- r. - 

In accordance with the invention described in claim 6, 
in a moving magnet type linear actuator according to any one 
of claims 1 to 5, guide pipes for forcible cooling refrigerant 
are embedded in the stator base. In this configuration, 
a forcible cooling structure can be realized in which the heat 
generating area collected at a single position on the side of 
the stator is cooled by liquid, thereby permitting the cooling 
performance to be improved. 

In accordance with the invention described in claim 7, 
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in a moving magnet type linear actuator according to any one 
of claims 1 to 6, characterized in that the magnetic back yoke 
is a laminate of thin electromagnetic steel plates. For this 
reason, eddy current loss due to crossing of field magnetic 
fluxes can be reduced, thereby enhancing the iron loss reducing 
effect during the high speed. 

Brief Description of the Drawings 
[0009] 
[Fig. 1] 

Fig. 1 shows a moving magnet type linear actuator 
according to this invention; (a) is a plan view thereof and 
(b) is a side sectional view thereof. 
[Fig. 2] 

Fig. 2 is a perspective view of the main part of the linear 
"•^■^ael^ato-r'^'showri^-dn^- F - • -* - r-is-^^r-jy-'-.-'^^^-y.- ir ' 

- [Fig.- -3] 

Fig. 3 shows a moving magnet type linear actuator 
according to a prior art; (a) is a plan view thereof and (b) 
is a side sectional view thereof. 

Description of Reference Numerals and Signs 
[0010] 

10 a linear actuator 
20 a movable body 
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21 a field permanent magnet 

22 a non-magnetic magnet holder 

30 a stator 

31 a stator base 

31a, b a guide pipe for forcible cooling refrigerant 

31c a supporter 

32 an armature 

33 a magnetic iron core 

34 an armature winding 

35 an insulating layer 

36 a power supplying wire 
39 a magnetic back yoke 

4 0 a linear guide 

41 a linear guide rail 

42 a linear guide block 

43"™ - a' -*s topper-mechanism* - - v-:..?:^ :-':^•r^r.-^- ;'^:. -:v-^T 

43a to 43d a shock absorber 

50 a position detecting portion 

51 a detecting portion supporter 

52 a linear scale detecting portion 

53 a liner scale 
53 a signal line 

Best Mode for Carrying Out the Invention 
[0011] 
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Now referring to the drawings, an explanation will be 
given of a concrete embodiment of this invention. 
Embodiment 1 
[0012] 

Fig* 1 shows a moving magnet type linear actuator 
according to this invention; (a) is a plan view thereof and 
(b) is a side sectional view thereof. Fig. 2 is a perspective 
view of the main part of the linear actuator shown in Fig. 1. 

In both figures, reference numeral 10 generally denotes 
a moving magnet type linear actuator which mainly includes a 
movable body 20, a stator 30, a linear guide 40 and a position 
detecting portion 50. 

The movable body 20 is mainly constructed of a field 
permanent magnet 21 and a non-magnetic magnet holder 22 which 
holds it. 

• - - ' The^ stator' 30- is- mainly constructed" of - a^s-tator base 31v- 
an armature 32 fixed thereon and a magnetic back yoke 39- 
provided according to this invention. The armature 32 includes 
a magnetic iron core 33, an armature winding 34 wound around 
the magnetic iron core 33, an insulating layer 35 encircling 
the armature winding 34 and a power supplying wire 3 6 which 
serves to supply power to the armature winding 34 . 

In this way, this invention provides a moving magnet type 
linear motor in which on the moving side, the niamber of field 
magnetic poles is smaller than the magnetic poles of 



11 



magnetomotive force generated in the armature 32 so that the 
difference therebetween serves as a stroke of a linear 
actuator . 
[0013] 

An explanation will be given of the construction of each 
component • 

First, the construction of the movable body 20 will be 
explained. The field permanent 21 is arranged oppositely to 
the magnetic iron core 33 on the side of the stator 30 through 
a magnetic gap. The size of the field permanent magnet 21 has 
a width equal to that of the magnetic iron core 33 and a length 
in a running direction of the movable body 20. The field 
permanent magnet 21 has magnetic poles embedded in the 

plate-like non-magnetic holder 22, like N-pole, S-pole, 

over the length of the movable body 20. The non-magnetic magnet 
-holde'r- 22-may -be- made of - aluminum-: which- is^<Mght7 : whi<ch*^hoi^^ 
the field permanent magnet 21 with the" gap from the magnetic 
iron core 33. The magnet holder 22 is fixed on linear guide 
blocks 42 provided back and forth in a running direction of 
two parallel linear guide rails 41. The area of the magnet 
holder 22 where the field permanent magnet 21 is supported is 
made as possible as thin, so that the magnetic back yoke 39 can 
be fixedly arranged behind the movable body 20. This 
arrangement permits magnetic pulling force to be cancelled and 
a great gap magnetic flux density to be designed, thereby 
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realizing high thrust and high acceleration/deceleration. 

In this way, on the side of the movable body 20 having 
the field permanent magnet 21, the guide blocks 42 which form 
pairs with the linear guide rails 41 are fixed left and right. 
In the space between these guide blocks 42, the non-magnetic 
holder 22 is subjected to hole machining or punching machining 
with the same size of the field permanent magnet and field 
permanent magnet 21 is fixed* 

Further, a scale 53 of the linear scale 50 is fixed on 
the side of the movable body 20 with a gap from the linear scale 
detecting portion 52 fixed to the stator base 31. 
[0014] ' 

Next, the structure of the stator 30 will be explained. 

On the stator base 30, a plurality of pieces of the 
magnetic iron core 33 which are square in section are extended 
--ai-ong- 'the'"' cenfe^^ in.. the -^runnimg;-. direct-iron- 

their S" poles arid N poles are alternately -arranged . " On-'the- 
periphery of the pieces of the magnetic irons core 33, the 
armature winding 34 is wound. The outer periphery of the 
armature winding 34 is covered with the insulating layer 35. 
The power supply to the armature winding 34 is done through 
a flexible conductive wire 36 which can be moved by a maximum 
stoke of the movable body 20. 

On the side opposite to the armature with respect to the 
field permanent magnet 21, the magnetic back yoke 39 is arranged 
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oppositely to the field permanent magnet 21 through a gap. The 
magnetic back yoke 39 is extended in the running direction of 
the armature 32 so as to cover the armature 32 and field 
permanent magnet 21 and fixed to the supporters 31c provided 
on the stator base 31 in the front and rear spaces in the running 
direction. The width of the magnetic back yoke 39 is 
approximately equal to that of the field permanent magnet 21. 
The length thereof is not smaller than the stroke of the movable 
body 20. 

Further, guide pipes 31a, 31b for forcible cooling 
refrigerant are formed in the stator base 31. These guide pipes 
31a, 31b for forcible cooling refrigerant can be formed by 
bonding two plates each having a long groove which is 
semicircular in section to each other so that semicircles are 
face each other to form a circle. In this way, since the guide 
• -pipe s: -3-1 a7*^"'6*lb' 'f ar ^ f or cibive. cool ing^- r ef riger ant''-'axe-"embedded - 
in the stator' base 31, the effective thrust performance of the 
linear actuator 10 is improved and its temperature rise is 
avoided. 
[0015] 

The linear guides 40 each is mainly constructed of a 
linear guide rail 41, the liner guide block 42 running thereon, 
and the stopper mechanism 43 for forcibly stopping the running 
of the linear guide block 42 at both ends in the running 
direction of the linear actuator 10. 
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In this way, the stopper mechanism 43 is arranged to have 
the shock absorbers 43a to 43a at four ends at the front, rear 
left and right positions in the two liner guide rails 41 in 
parallel and is served as an overrun preventing mechanism. 
[0016] 

The position detecting portion 50 is mainly constructed 
of the detecting portion supporter 51 fixed on the stator base 
31, the linear scale detecting portion 52 fixed on the detecting 
portion supporter 51, and the linear scale 53 fixed on the side 
of the movable body 20 adjacently apart from the linear scale 
detecting portion 52. 
[0017] 

As a modification of this invention, the magnetic back 
yoke 39 may be a laminate of thin electromagnetic steel plates. 
In this case, finally, since the laminate of the thin 
'7^v:el'ectromagTLe1:-i*c piates i-s -used^as thie magnetic^back^-^yo-key- ed^ 
current loss due to crossing of field magnetic" fluxes can be 
reduced, thereby enhancing the iron loss reducing effect during 
the high speed. 
[0018] 

As described above, in the moving magnet type linear 
actuator, since the magnet holder is made of the non-magnetic 
substance, the weight of the movable body can be reduced. 

Further, since the magnetic back yoke is arranged on the 
side opposite to the armature with respect to the field 
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permanent^ the magnetic back yoke compensates for the 
construction of the magnet holder made of the non-magnetic 
substance for the purpose of weight reduction, thereby 
realizing high thrust and high acceleration/deceleration. 

Further, the width of the magnetic back yoke 39 is 
approximately equal to that of the field permanent magnet 21, 
and the length thereof is not smaller than the stroke of the 
movable body 20. In addition, both ends of the back yoke 39 
are fixed to the stator to form the spaces between itself and 
the field permanent magnet. Such a configuration permits the 
possible maximum thrust and the possible maximum 
acceleration/deceleration to be realized. 

Further, the scale segment of the liner scale is fixed 
to the magnetic holder and the detecting portion of the liner 
scale is fixed to the stator base 31 with a gap from the scale 
."t.-r,.-- y-s egmfent'-F 

substance . For this reason, the position dretecting" portion is 
difficult to be susceptible to the influence of magnetic lines 
of force. Further, this invention is characterized in that the 
magnetic holder is fixed to the guide blocks arranged on each 
of the linear guide rails. 

Further, the two guide rails are arranged in parallel 
in the longitudinal direction of the armature so as to sandwich 
both sides of the armature. The guide blocks are arranged on 
each of the linear guide rails, respectively. And the magnetic 
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holder is fixed to the guide blocks. Thus, the liner guide 
rails and guide blocks can be made of the material with small 
strength. 

Further, the slot having a width corresponding to the 
widthwise space between the guide blocks is machined in the 
non-magnetic holder . And the field magnet is fixed in the slot . 
For . this reason, -the height of the linear actuator can be 
lowered. • - 

[0019] ■• 

Further, since the stopper mechanisms are provided at 
four ends of the two parallel linear guide rails, the capability 
of the stopper mechanism may be relatively low. In addition, 
the stopper mechanisms are provided at not two points in the 
prior art but at four points, the capability of a single stopper 
mechanism may be further low. 
" ; -^I'Furthei^^^ -guide - pipes- "-f ox-^-fbrcib te' cool ing - 

refrigerant are embedded, in the stator base 31, the armature ■ 

serving as a heat generating body is. located on the side of 
the stator. For this reason, a forcible cooling structure can 
be realized in which the heat generating area collected at a 
single position on the side of the stator. is cooled by liquid, 
thereby permitting the cooling performance to be improved. 

Industrial Applicability 
[0020] 
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In accordance with this invention, the moving magnet type 
linear actuator in which the filed magnet is located on a moving 
side is efficiently used as a magnetic circuit structure for 
reducing the weight of a movable body. 



18 



